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(54) Semiconductor memory device and drive method therefor 



(57) The semiconductor memory device of the in- 
vention includes at least three memory cell blocks ar- 
ranged in a word line direction. Each of the memory cell 
blocks includes a plurality of memory cells arranged in 
a bit line direction. Each of the memory cells includes a 
ferroelectric capacitor for storing data by displacement 
of polarization of a ferroelectric film and a selection tran- 
sistor connected to one of paired electrodes of the fer- 
roelectric capacitor. Each of the memory cell blocks also 
includes: a bit line, a sub-bit line and a source line ex- 
tending in the bit line direction; and a read transistor hav- 
ing a gate connected to one end of the sub-bit line, a 
source connected to the source line, and a drain con- 
nected to one end of the bit line. The read transistor 
reads data by detecting the displacement of the polari- 
zation of the ferroelectric film of the ferroelectric capac- 
itor of a data read memory cell from which data is read 
among the plurality of memory cells. The sub-bit lines 
of any two of the memory cell blocks are connected to 
each other via a sub-bit line coupling switch. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001 ] The present invention relates to a semiconductor memory device having memory cells arranged in a matrix, 
in which each of the memory cells includes a ferroelectric capacitor for storing binary data using displacement of 
polarization of a ferroelectric film and a selection transistor tor selecting the ferroelectric capacitor for data read/write, 
and a drive method for such a semiconductor memory device. 

[0002] A conventional semiconductor memory device having memory cells each including a ferroelectric capacitor 
10 and a selection transistor arranged in a matrix will be described with reference to FIG. 9. 

[0003] FIG 9 shows four memory cells MC00, MC01, MC10 and MC11, for example, arranged in a matrix of two 
rows and two columns. This conventional semiconductor memory device has a 2T2C structure, in which the memory 
cell MCO0 for example, includes two ferroelectric capacitors CO and C1 and two selection transistors Q0 and Q1 . One 
of paired electrodes of each of the ferroelectric capacitors CO and C1 is connected to the drain of the corresponding 

15 selection transistor Q0 or Q1. . 

[0004] Bit lines BLO and XBL0 constitute a bit line pair, and bit lines BL1 and XBL1 constitute another bit line pair. 
The bit lines BLO and XBL0 are connected to the sources of the corresponding selection transistors Q0 and Q1 , 
respectively. 

[0005] Word lines WLO and WL1 are connected to the gates of the selection transistors of the memory cells arranged 

20 in the word line direction. 

[0006] Cell plate lines CP0 and CP1 are connected to the other electrode of each of the ferroelectric capacitors of 

the memory cells arranged in the word line direction. 

[0007] A sense amplifier SAO is connected to the bit line pair BLO and XBL0 and also connected to a pair of data 
bus lines DL0 and XDL0. A sense amplifier SA1 is connected to the bit line pair BL1 and XBL1 and also connected 

25 to a pair of data bus lines DL1 and XDL1. 

[0008] Data write/read operation of the semiconductor memory device shown in FIG. 9 will be described. Assume 
that data is to be written in and read from the memory cell MC00, as an example. 

[0009] Data write operation is achieved by writing complementary data in the two ferroelectric capacitors of the 
memory cell in which the data is to be written. A high voltage is applied to the word line WLO to turn on the selection 

30 transistors Q0 and Q1 , and then voltages of the opposite polarities are applied between the cell plate line CP0 and the 
bit line BLO and between the cell plate line CP0 and the bit line XBL0. For example., when data "1" is to be written, a 
high signal is applied to the data bus line DL0 so that the ferroelectric capacitor CO has downward polarization , and a 
low signal is applied to the data bus line XDL0 so that the ferroelectric capacitor C1 has upward polarization. When 
data "0" is to be written, a low signal is applied to the data bus line DL0 so that the ferroelectric capacitor CO has 

35 upward polarization, and a high signal is applied to the data bus line XDL0 so that the ferroelectric capacitor C1 has 
downward polarization. 

[0010] Data read operation is performed in the following manner. 

[0011] First the bit lines BLO, XBL0, BL1 and XBL1 are precharged to a low level. Thereafter, a high voltage is 
applied to the word line WLO to turn on the selection transistors Q0 and Q1 , and then a high voltage is applied to the 
40 cell plate line CP0. By this application a minute voltage difference occurs between the bit line pair BLO and XBL0, 
which is amplified by the sense amplifier SAO and output to the data bus pair DL0 and XDLO. 

[001 2] The read operation described above uses the fact that the capacitance value of a ferroelectric capacitor chang- 
es with the polarization value previously stored in the ferroelectric capacitor. More specifically, in the case that downward 
polarization has been written in the ferroelectric capacitor in the data write process, charge is generated with reversal 

45 of the polarization when a voltage is applied to the cell plate line CP0, and this increases the capacitance value. On 
the contrary in the case that upward polarization has been written in the ferroelectric capacitor, no reversal of polari- 
zation occurs when a voltage is applied to the cell plate line CP0, and this decreases the capacitance value. 
[001 3] The bit line voltage during the read operation is determined by capacitance splitting between the capacitance 
of the bit line and the capacitance of the ferroelectric capacitor. Therefore, the bit line voltage is high when the ferro- 

50 electric capacitor has downward polarization, and it is low when the ferroelectric capacitor has upward polarization. 
When a high voltage is output from the data bus line DL0 and a low voltage is output from the data bus line XDLO after 
amplification of the voltages of the bit line pair, this indicates that the ferroelectric capacitor CO has downward polari- 
zation and the ferroelectric capacitor C1 has upward polarization. Therefore, It can be decided that the stored data is 
"1". Contrarily, when a low voltage is output from the data bus line DL0 and a high voltage is output from the data bus 

55 line XDLO, it can be decided that the stored data is M 0". 

[0014] In the conventional semiconductor memory device, when data is read from the ferroelectric capacitor, the 
polarization of the ferroelectric capacitor is reversed. In other words, the data is corrupted. It is therefore necessary to 
rewrite the data after the read operation. The data read operation is only completed by performing rewrite of the data 
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alter the output of the data to the data bus. 

[0015] If the polarization of the ferroelectric film of the ferroelectric capacitor is repeatedly reversed, the ferroelectric 
film becomes fatigued and degraded, causing reduction in polarization value. Therefore, the life of the ferroelectric 
capacitor will end after about 1 0 billion times of polarization reversal. 
5 [0016] In the conventional semiconductor memory device, polarization reversal is necessary during the data read 
operation, in addition to during the data write operation. Therefore, the number of times of data rewrite and the number 
of times of data read are limited to about 10 billion in total. 

[001 7] In view of the above problem, the inventors of the present invention proposed a semiconductor memory device 
that permits increase of the number of times of read, that is, a semiconductor memory device in which data is not 

w corrupted after the data read operation. 

[0018] The semiconductor memory device having the above feature will be described with reference to FIG. 10. 
[001 9] FIG. 1 0 shows two memory cell blocks MC0 and MC1 , for example, arranged in the word line direction. Each 
of the. memory cell blocks MC0 and MC1 has four memory cells, for example, arranged in the bit line direction. The 
four memory cells constituting the memory cell block MC0, for example, include ferroelectric capacitors CO, C1, C2 

15 and C3 and selection transistors Q0, Q1, Q2 and Q3 respectively connected in series. The memory cell block MC0 
has a block selection transistor Q4 connected to one of common nodes, and a write transistor Q5 and a read transistor 
Q6 connected to the other common node. The memory cell block MC1 has a block selection transistor XQ4 connected 
to one of common nodes, and a write transistor XQ5 and a read transistor XQ6 connected to the other common node. 
[0020] The operation of writing/reading data in/from the semiconductor memory device having the configuration de- 

20 scribed above will be described. Assume that complementary data is to be written in and read from the ferroelectric 
capacitors C2 and XC2, as an example. 

[0021] The data write operation is performed in the following manner. 

[0022] A high signal is applied to a block selection line BS, a write transistor control line RE and a selected word line 
WL2, to turn on the block selection transistors Q4 and XQ4, the write transistors Q5 and XQ5 and the cell selection 
25 transistors Q2 and XQ2. Contrarily, a low signal is applied to non-selected word lines WLO, WL1 and WL3, to turn off 
the cell selection transistors QO, XQO, Q1 , XQ1, Q3 and XQ3. 

[0023] Thereafter, when data "1" is to be written, a high signal is applied to a set line SET, a low signal is applied to 
a set line XSET, a low signal is applied to a reset line RST, and a high signal is applied to a reset line XRST When 
data "0" is to be written, a low signal is applied to the set line SET, a high signal is applied to the set line XSET, a high 

so signal is applied to the reset line RST, and a low signal is applied to the reset line XRST. 

[0024] By the signal application described above, a set line voltage is applied to one of the electrodes of the ferro- 
electric capacitor C2 (and XC2) while a reset line voltage is applied to the other electrode thereof. Accordingly, when 
data "1" is written, the ferroelectric capacitor C2 has rightward polarization, and the ferroelectric capacitor XC2 has 
leftward polarization. When data "O" is written, the ferroelectric capacitor C2 has leftward polarization, and the ferroe- 

35 lectric capacitor XC2 has rightward polarization. 

[0025] Once the write operation is terminated, the set line SET and the reset line RST are set at a same potential. 
Thereafter, a low signal is applied to the block selection line BS, the write transistor control line RE and the selected 
word line WL2, to turn off the block selection transistors Q4 and XQ4, the write transistors Q5 and XQ5 and the cell 
selection transistors Q2 and XQ2. By this operation, the inter-electrode voltages of the ferroelectric capacitors C2 and 

40 XC2 become zero. The ferroelectric films of the ferroelectric capacitors C2 and XC2 retain their polarization state when 
the device is powered off in this state. This semiconductor memory device therefore serves as a nonvolatile device. 
[0026] The data read operation is performed in the following manner. 

[0027] A high signal is applied to the block selection line BS and the selected word line WL2, to turn on the block 
selection transistors Q4 and XQ4 and the cell selection transistors Q2 and XQ2. Contrarily, a low signal is applied to 
45 the non-selected word lines WLO, WL1 and WL3, to turn off the cell selection transistors Q0, XQO, Q1, XQ1, Q3 and 
XQ3. 

[0028] By the signal application described above, ones of the electrodes of the ferroelectric capacitors C2 and XC2 
are connected to the set lines SET and XSET, respectively, while the other electrodes of the ferroelectric capacitors 
C2 and XC2 are connected to the gates of the read transistors Q6 and XQ6, respectively. Contrarily, the ferroelectric 

so capacitors CO, XC0, C1 , XC1 , C3, XC3 are disconnected from the read transistors Q6 and XQ6. 

[0029] In the state described above, when a read voltage is applied to the set lines SET and XSET, a voltage deter- 
mined by capacitance splitting between the capacitance value of the ferroelectric capacitor C2 and the MOS capaci- 
tance value of the read transistor Q6 is applied to the gate of the read transistor Q6. Likewise, a voltage determined 
by capacitance splitting between the capacitance value of the ferroelectric capacitor XC2 and the MOS capacitance 

55 value of the transistor XQ6 is applied to the gate of the read transistor XQ6. 

[0030] Since the direction of the polarization of the ferroelectric film is different between storage of data "1" and 
storage of data "0", the capacitance value is different between the ferroelectric capacitors C2 and XC2. Accordingly, 
the gate potentials of the read transistors Q6 and XQ6, which are determined by the capacitance splitting, are different 
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from each other. The difference in gate potential between the read transistors Q6 and XQ6 causes a change in source- 
drain conductance. Therefore, by amplifying this conductance change as a minute potential difference between the bit 
lines BLO and XBLO and outputting the amplified change to the data bus lines DLO and XDLO, the stored data can be 
read. 

5 [0031] Once the data read operation is terminated, the set lines SET and XSET and the reset lines RST and XRST 
are set at the ground potential. Thereafter a low signal is applied to the block selection line BS and the selected word 
line WL2, to turn off the block selection transistors Q4 and XQ4 and the cell selection transistors Q2 and XQ2. Also, 
a high signal is applied to the write transistor control line RE, to turn on the write transistors Q5 and XQ5. 
[0032] During the read operation, the gate potentials of the read transistors Q6 and XQ6 as floating nodes float due 

10 to a leak current from the ferroelectric capacitors C2 and XC2 and the cell selection transistors Q2 and XQ2. The 
floating node potential is however reset at a RST potential by the operation performed after the data read. 
[0033] The polarization will not be reversed between before and after the read operation by setting the read voltage 
applied to the sel lines SET and XSET so that the voltage applied to the ferroelectric capacitors C2 and XC2 during 
the read operation does not exceed a resistive voltage of the ferroelectric film. This eliminates the necessity of rewrite 

75 operation, and thus the number of times of read can be increased. 

[0034] The semiconductor memory device shown in FIG. 10 can read data without corrupting the data as described 
above. However, since the semiconductor memory device stores complementary data in memory cells that belong to 
two memory cell blocks, that is, adopts the 2T2C structure, it has the problem that the area of the memory cells is large. 

20 SUMMARY OF THE INVENTION 

[0035] An object of the present invention is providing a semiconductor memory device in which the area of memory 
cells is reduced. 

[0036] The semiconductor memory device of the present invention includes at least three memory cell blocks ar- 

25 ranged in a word line direction, each of the at least three memory cell blocks including a plurality of memory cells 
arranged in a bit line direction, each of the plurality of memory cells including a ferroelectric capacitor for storing data 
by displacement of polarization of a ferroelectric film and a selection transistor connected to one of paired electrodes 
of the ferroelectric capacitor, wherein each of the at least three memory cell blocks includes: a bit line, a sub-bit line 
and a source line extending in the bit line direction; and a read transistor having a gate connected to one end of the 

30 sub-bit line : a source connected to the source line, and a drain connected to one end of the bit line, the read transistor 
reads data by detecting the displacement of the polarization of the ferroelectric film of the ferroelectric capacitor of a 
data read memory cell from which data is read among the plurality of memory cells, and the sub-bit lines of two memory 
cell blocks among the at least three memory cell blocks are connected to each other via a sub-bit line coupling switch. 
[0037] According to the semiconductor memory device of the present invention, the other ends of the sub-bit lines 

35 belonging to any two memory cell blocks among the at least three memory cell blocks are connected to each other via 
the sub-bit line coupling switch. Therefore, the memory cell blocks connected to each other via the sub-bit line coupling 
switch together function as a reference potential generator. By writing reference data "1" in a memory cefi belonging 
to one of the two memory cell blocks and reference data "0" in a memory cell belonging to the other memory cell block, 
a reference voltage can be generated based on the reference data written in these two memory cells. By comparing 

40 the voltage between the paired electrodes of the ferroelectric capacitor of a memory cell belonging to a memory cell 
block different from the memory cell blocks used for generation of the reference voltage with the reference voltage, 
data stored in the ferroelectric capacitor of the memory cell can be read. In this way, memory cells each essentially 
composed of one ferroelectric capacitor and one selection transistor, that is, memory cells of a 1T1C structure are 
realized. The number of components constituting the 1T1C memory cell can be reduced compared with the 2T2C 

45 memory cell. Therefore, the area of the memory cells can be reduced. 

[0038] In the semiconductor memory device of the invention, preferably each of the at least three memory cell blocks 
includes a reset line extending in the bit line direction, and the sub-bit line is connected to the reset line via a reset switch. 
[0039] By the arrangement described above, a desired voltage can be applied from the reset line to the sub-bit line. 
Therefore, the potential of the sub-bit line can be reset before and after data read operation. 

50 [0040] If one end of the sub-bit line is not connected to the reset line via the reset switch, a write voltage must be 
applied from the well of the read transistor to the electrode of the ferroelectric capacitor via the gate capacitance, to 
write data in the ferroelectric capacitor. This requires a large write voltage. 

[0041] According to the present invention, in which a desired voltage can be applied from the reset line to the sub- 
bit line, a write voltage can be applied from the reset line to the electrode of the ferroelectric capacitor. Therefore, the 
55 write voltage can be reduced. 

[0042] When the semiconductor memory device of the invention includes a reset line, the reset line and the source 

line are preferably the same line. 

[0043] By the arrangement described above, the area of the memory cell blocks can be reduced. 
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[0044] When the semiconductor memory device of the invention includes a reset line, two memory cell blocks adja- 
cent in the word line direction among the at least three memory cell blocks preferably share the reset line. 
[0045] By the arrangement described above, the area of the memory cell blocks can be reduced. 
[0046] In the semiconductor memory cell of the invention, the other electrodes of the ferroelectric capacitors of mem- 
5 ory cells arranged in the word line direction among the plurality of memory cells belonging to the at least three memory 
cell blocks preferably constitute a common electrode extending in the word line direction. 

[0047] The above arrangement eliminates the necessity of placing an electrode isolating area between every adja- 
cent memory cells, and thus the area of the memory cell blocks can be reduced. 

[0048] The drive method for a semiconductor memory device of the present invention is a drive method for the 
10 semiconductor memory device described above. The method includes the steps of: writing reference data "V in one 
of two memory cells adjacent to each other in the word line direction, while writing reference data "0 H in the other 
memory cell, the two memory celts belonging to two memory cell blocks of which the sub-bit lines are connected to 
each-other via the sub-bit line coupling switch among the at least three memory cell blocks; determining a reference 
voltage from a voltage between the paired electrodes of the ferroelectric capacitor of the memory cell in which the 
is reference data "1" has been written and a voltage between the paired electrodes of the ferroelectric capacitor of the 
memory cell in which the reference data "0" has been written; and reading the data stored in the ferroelectric capacitor 
of the data read memory cell among the plurality of memory cells belonging to a memory cell block different from the 
two memory cell blocks among the at least three memory cell blocks by comparing a voltage between the paired 
electrodes of the ferroelectric capacitor of the data read memory cell with the reference voltage: 
20 [0049] The reference data "0" and the reference data "I" may be written, not only in two memory cell blocks, but 
also in a number of memory cell blocks. 

[0050] According to the drive method for a semiconductor memory device of the present invention, voltage change 
can be performed for the charge generated from the memory cell storing the reference data "0" and the memory cell 
storing the reference data "1" with capacitive loads of the sub-bit lines and the read transistors of the memory cell 

25 blocks to which these memory cells belong. In other words, the potential of the sub-bit lines to which the memory cells 
storing the reference data are connected is set at a median value between the sub-bit line potential generated based 
on data "1 " and the sub-bit line potential generated data u 0". This median value can be used as the reference voltage. 
By comparing the voltage between the paired electrodes of the reference capacitor of a memory cell belonging to a 
memory cell block to which no memory cell storing reference data belongs with the reference voltage, data stored in 

so the reference capacitor can be read. In this way, a memory cell essentially composed of one ferroelectric capacitor 
and one selection transistor, that is, a memory cell of a 1T1C structure can be achieved. The number of components 
constituting the 1T1 C memory cells can be reduced compared with the 2T2C memory cells. Therefore, the area of the 
memory cells can be reduced. 

[0051] In particular, by storing reference data in a memory cell belonging to a memory cell block located near the 
35 memory cell block to which the memory cell storing data belongs, it is possible to reduce a variation in property caused 
by the positions of the ferroelectric capacitors on the substrate and a variation in property caused by the positions of 
the transistors on the substrate. Thus, stable operation of the 1T1C structure, which is conventionally difficult, can be 
achieved. 

[0052] In the drive method of the invention, preferably, each of the at least three memory cell blocks includes a reset 
40 tine extending in the bit line direction, and the sub-bit line is connected to the reset line via a reset switch, the step of 
reading the data includes the steps of: connecting one of the paired electrodes of the ferroelectric capacitor of the data 
read memory cell to the sub-bit line by turning on the selection transistor of the data read memory cell, connecting the 
sub-bit line to the reset line by turning on the reset switch, and in this state, applying a reset voltage to the reset line; 
disconnecting the sub-bit line from the reset line by turning off the reset switch; and reading the data by applying a 
45 read voltage to the other electrode of the ferroelectric capacitor of the data read memory cell in the state that the sub- 
bit line is disconnected from the reset line. 

[0053] By the method described above, a read voltage can be applied after resetting of the potential of the sub-bit 
line to which the data read memory cell is connected. This enables stable read operation. 

[0054] In the drive method of the invention, preferably, each of the at least three memory cell blocks includes a reset 
50 line extending in the bit line direction, and the sub-bit line is connected to the reset line via a reset switch, the drive 
method further includes, after the step of reading the data, the steps of: connecting one of the paired electrodes of the 
ferroelectric capacitor of the data read memory cell to the sub-bit line by turning on the selection transistor of the data 
read memory ceil, connecting the sub-bit line to the reset line by turning on the reset switch, and in this state, applying 
a reset voltage to the reset line, and disconnecting the sub-bit line from the reset line by turning off the reset switch. 
55 [0055] By the method described above, the potential of the sub-bit line to which the data read memory cell is con- 
nected can be reset after the data read from the data read memory cell. This prevents an occurrence that data may 
be destroyed due to an unwanted voltage remaining in the storage node, and thus enables stable data retention. 
[0056] In drive method of the invention, preferably, the step of reading the data includes the steps of: reading the 
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data by applying a read voltage to the other electrode of the ferroelectric capacitor of the data read memory cell; and 
removing the read voltage applied to the other electrode of the ferroelectric capacitor of the data read memory cell, 
wherein the read voltage is set at a level of value with which the direction of the polarization of the ferroelectric film of 
the ferroelectric capacitor of the data read memory cell resumes the original direction before the data is read when the 
s read voltage is removed. 

[0057] By the method described above, no rewrite operation is required afterthe data read. This increases the number 
of times by which data can be read. 

[0058] In the drive method of the invention, preferably, the read voltage is set at a level of value greater than a 
detection limit of a comparator comparing the voltage between the paired electrodes of the ferroelectric capacitor of 
10 the data read memory cell with the reference voltage and smaller than a resistive electric field between the paired 
electrodes of the ferroelectric capacitor of the data read memory cell. 

[0059] By the method described above, the read voltage can be reliably set at a level of value with which the dis- 
placement of the polarization of the ferroelectric film of the ferroelectric capacitor of the data read memory cell resumes 
the original displacement before the data read when the read voltage is removed. 

15 [0060] In the drive method of the invention, preferably, each of the at least three memory cell blocks includes a reset 
line extending in the bit line direction, and the sub-bit line is connected to the reset line via a reset switch, the drive 
method further includes the step of: writing data in the ferroelectric capacitor of a data write memory cell among the 
plurality of memory cells belonging to the at least three memory cell blocks, the step of writing data includes the step 
of connecting one of the paired electrodes of the ferroelectric capacitor of the data write memory cell to the sub-bil line 

20 by turning on the selection transistor of the data write memory cell, connecting the sub-bit line to the reset line by 
turning on the reset switch, and in this state, applying a write voltage corresponding to binary data between the other 
electrode of the ferroelectric capacitor of the data write memory cell and the reset line. 
[0061] By the method described above, data can be written with a low write voltage. 

[0062] In the drive method of the invention, preferably, the absolute of the write voltage when the binary data is data 
25 "0" is different from the absolute of the write voltage when the binary data is data "1 

[0063] By the method described above, the reliability of the semiconductor memory device can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 [0064] 

FIG. 1 is a circuit diagram of a semiconductor memory device of Embodiment 1 of the present invention. 
FIG. 2 is a waveform chart of applied voltages during write operation in drive methods for semiconductor memory 
devices of Embodiments 1 and 2 of the present invention. 
35 FIG. 3 is a view showing the state of polarization of a ferroelectric film during the write operation in the drive 

methods for the semiconductor memory devices of Embodiments 1 and 2 of the present invention. 
FIG. 4 is a view showing the results of an evaluation test performed for the semiconductor memory device of 
Embodiment t of the present invention. 

FIG. 5 is a view showing the results of another evaluation test performed for the semiconductor memory device 
40 of Embodiment 1 of the present invention. 

FIG. 6 is a waveform chart of applied voltages during read operation in the drive methods for the semiconductor 
memory devices of Embodiments 1 and 2 of the present invention. 

FIG. 7 is a view showing the results of yet another evaluation test performed for the semiconductor memory device 
of Embodiment 1 of the present invention. 
45 FIG. 8 is a circuit diagram of the semiconductor memory device of Embodiment 2 of the present invention. 

FIG. 9 is a circuit diagram of a conventional semiconductor memory device. 

FIG. 1 0 is a circuit diagram of another conventional semiconductor memory device, on which the present invention 
is predicated. 

50 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0065] Hereinafter, preferred embodiments of the present invention will be described with reference to the accom- 
panying drawings. 

55 Embodiment 1 

[0066] A semiconductor memory device and a drive method for the same of Embodiment 1 will be described with 
reference to FIGS. 1 to 7. 
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[0067] Referring to FIG. 1 , six memory cell blocks MCO, MC1 , MC2, MC3, MC4 and MC5, for example, are arranged 
in the wide line direction. The first memory cell block MCO includes a bit line BLO, a sub-bit line SBLO and a reset line 
RSTO extending in the bit line direction. The second memory cell block MC1 includes a bit line BL1 , a sub-bit line SBL1 
and a reset line RST1 extending in the bit line direction. The third memory cell block MC2 includes a bit line BL2, a 
5 sub-bit line SBL2 and a reset line RST2 extending in the bit line direction. The fourth memory cell block MC3 includes 
a bit line BL3, a sub-bit line SBL3 and a reset line RST3 extending in the bit line direction. The fifth memory cell block 
MC4 includes a bit line BL4, a sub-bit line SBL4 and a reset line RST4 extending in the bit line direction. The sixth 
memory cell block MC5 includes a bit line BL5, a sub-bit line SBL5 and a reset line RST5 extending in the bit line 
direction. 

10 [0068] The first memory cell block MCO has a data storage memory cell including a ferroelectric capacitor COO and 
a selection transistor Q00, a data storage memory cell including a ferroelectric capacitor C02 and a selection transistor 
O02, a reference data storage memory cell including a ferroelectric capacitor CREFO and a selection transistor Q REFO, 
a write transistor QWO and a read transistor QRO. 

[0069] The selection transistor Q00 is serially connected between the sub-bit line SBLO and one of the electrodes 
15 of the ferroelectric capacitor COO. The gate of the selection transistor Q00 is connected to a word line WLO. The other 
electrode ol the ferroelectric capacitor COO is integrated with a plate line CPO used as a common electrode. The se- 
lection transistor Q02 is serially connected between the sub-bit line SBLO and one of the electrodes of the ferroelectric 
capacitor C02. The gate of the selection transistor Q02 is connected to a word line WL2. The other electrode of the 
te/roclectnc capacitor C02 is integrated with a plate line CP1 used as a common electrode. The selection transistor 
20 QREFO is serially connected between the sub-bit line SBLO and one of the electrodes of the ferroelectric capacitor 
CREFO. The gate of the selection transistor QREFO is connected to a word line WLA. The other electrode of the 
ferroelectric capacitor CREFO is integrated with a plate line CPA used as a common electrode. 

[0070] The gate, source and drain of the write transistor QWO are connected to a write transistor control line RE, an 
end of the reset line RSTO, and an end of the sub-bit line SBLO, respectively. The gate, source and drain of the read 
25 transistor ORO are connected to the end of the sub-bit line SBLO, the end of the reset line RSTO used as a source line, 
and an ond of the bit line BLO, respectively. 

[0071] The second memory cell block MC1 has a data storage memory cell including a ferroelectric capacitor C11 
and a selection transistor Q11, a data storage memory cell including a ferroelectric capacitor C13 and a selection 
transistor 013. a reference data storage memory cell including a ferroelectric capacitor CREF1 and a selection tran- 

30 sistor OREF1 . a write transistor QW1 and a read transistor QR1 . 

[0072] The selection transistor Q11 is serially connected between the sub-bit line SBL1 and one of the electrodes 
of thc Jcrroclcctric capacitor C1 1 . The gate of the selection transistor Q1 1 is connected to a word line WL1 . The other 
electrode of the ferroelectric capacitor C11 is integrated with a plate line CP1 used as a common electrode. The se- 
lection transistor Q13 is serially connected between the sub-bit line SBL1 and one of the electrodes of the ferroelectric 

35 capacitor C13. The gate of the selection transistor Q13 is connected to a word line WL3. The other electrode of the 
ferroelectric capacitor C13 is integrated with a plate line CP3 used as a common electrode. The selection transistor 
QREF1 is serially connected between the sub-bit line SBL1 and one of the electrodes of the ferroelectric capacitor 
CREF1. The gate of the selection transistor QREF1 is connected to a word line WLB. The other electrode of the 
ferroelectric capacitor CREF1 is integrated with a plate line CPB used as a common electrode. 

40 [0073] The gate, source and drain of the write transistor QW1 are connected to the write transistor control line RE, 
an end of the reset line RST1, and an end of the sub-bit line SBL1, respectively. The gate, source and drain of the 
read transistor QR1 are connected to the end of the sub-bit line SBL1 , the end of the reset line RST1 used as a source 
line, and an end of the bit line BL1, respectively. 

[0074] The third memory cell block MC2 has a data storage memory cell including a ferroelectric capacitor C21 and 
45 a selection transistor Q21 , a data storage memory cell including a ferroelectric capacitor C23 and a selection transistor 
Q23, a reference data storage memory cell including a ferroelectric capacitor CREF2 and a selection transistor QREF2, 
a write transistor QW2 and a read transistor QR2. 

[0075] The selection transistor Q21 is serially connected between the sub-bit line SBL2 and one of the electrodes 
of the ferroelectric capacitor C21 . The gate of the selection transistor Q21 is connected to the word line WL1. The 

50 other electrode of the ferroelectric capacitor C21 is integrated with the plate line CP1 used as a common electrode. 
The selection transistor Q23 is serially connected between the sub-bit line SBL2 and one of the electrodes of the 
ferroelectric capacitor C23. The gate of the selection transistor Q23 is connected to the word line WL3. The other 
electrode of the ferroelectric capacitor C23 is integrated with the plate line CP3 used as a common electrode. The 
selection transistor QREF2 is serially connected between the sub-bit line SBL2 and one of the electrodes of the ferro- 

55 electric capacitor CREF2. The gate of the selection transistor QREF2 is connected to the word tine WLB. The other 
electrode of the ferroelectric capacitor CREF2 is integrated with the plate line CPB used as a common electrode. 
[0076] The gate, source and drain of the write transistor QW2 are connected to the write transistor control line RE, 
an end of the reset line RST2, and an end of the sub-bit line SBL2, respectively. The gate, source and drain of the 
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read transistor QR2 are connected to the end of the sub-bit line SBL2, the end of the reset line RST2 used as a source 
line, and an end of the bit line BL2, respectively. 

[0077] The fourth memory cell block MC3 has a data storage memory cell including a ferroelectric capacitor C30 
and a selection transistor Q30, a data storage memory cell including a ferroelectric capacitor C32 and a selection 
5 transistor Q32, a reference data storage memory cell including a ferroelectric capacitor CREF3 and a selection tran- 
sistor QREF3, a write transistor QW3 and a read transistor QR3. 

[0078] The selection transistor Q30 is serially connected between the sub-bit line SBL3 and one of the electrodes 
of the ferroelectric capacitor C30. The gate of the selection transistor Q30 is connected to the word line WLO. The 
other electrode of the ferroelectric capacitor C30 is integrated with the plate line CPO used as a common electrode. 

io The selection transistor 032 is serially connected between the sub-bit line SBL3 and one of the electrodes of the 
ferroelectric capacitor C32. The gate of the selection transistor Q32 is connected to the word line WL2. The other 
electrode of the ferroelectric capacitor C32 is integrated with the plate line CP2 used as a common electrode. The 
selection transistor QREF3 is serially connected between the sub-bit line SBL3 and one of the electrodes of the fer- 
roelectric capacitor CREF3. The gate of the selection transistor QREF3 is connected to the word line WLA. The other 

75 electrode of the ferroelectric capacitor CREF3 is integrated with the plate line CPA used as a common electrode. 

[0079] The gate, source and drain of the write transistor QW3 are connected to the write transistor control line RE, 
an end of the reset line RST3, and an end of the sub-bit line SBL3, respectively. The gate, source and drain of the 
read transistor QR3 are connected to the end of the sub-bit line SBL3, the end of the reset line RST3 used as a source 
line, and an end of the bil line BL3, respectively. 

20 [0080] The fifth memory cell block MC4 has a data storage memory cell including a ferroelectric capacitor C40 and 
a selection transistor Q40, a data storage memory cell including a ferroelectric capacitor C42 and a selection transistor 
Q42, a reference data storage memory cell including a ferroelectric capacitor CREF4 and a selection transistor QREF4, 
a write transistor QW4 and a read transistor QR4. 

[0081] The selection transistor Q40 is serially connected between the sub-bit line SBL4 and one of the electrodes 
25 of the ferroelectric capacitor C40. The gate of the selection transistor Q40 is connected to the word line WLO. The 
other electrode-of the ferroelectric capacitor C40 is integrated with the plate line CPO used as a common electrode. 
The selection transistor Q42 is serially connected between the sub-bit line SBL4 and one of the electrodes of the 
ferroelectric capacitor C42. The gate of the selection transistor Q42 is connected to the word line WL2. The other 
electrode of the ferroelectric capacitor C42 is integrated with the plate line CP2 used as a common electrode. The 
30 selection transistor QREF4 is serially connected between the sub-bit line SBL4 and one of the electrodes of the fer- 
roelectric capacitor CREF4. The gate of the selection transistor QREF4 is connected to the word line WLA. The other 
electrode of the ferroelectric capacitor CREF4 is integrated with the plate line CPA used as a common electrode. 
[0082] The gate, source and drain of the write transistor QW4 are connected to the write transistor control line RE, 
an end of the reset line RST4, and an end of the sub-bit line SBL4, respectively. The gate, source and drain of the 
35 read transistor QR4 are connected to the end of the sub-bit line SBL4, the end of the reset line RST4 used as a source 
line, and an end of the bit line BL4, respectively. 

[0083] The sixth memory cell block MC5 has a data storage memory cell including a ferroelectric capacitor C51 and 
a selection transistor Q51 , a data storage memory cell including a ferroelectric capacitor C53 and a selection transistor 
Q53, a reference data storage memory cell including a ferroelectric capacitor CREF5 and a selection transistor QREF5, 

40 a write transistor QW5 and a read transistor QR5. 

[0084] The selection transistor Q51 is serially connected between the sub-bit line SBL5 and one of the electrodes 
of the ferroelectric capacitor C51. The gate of the selection transistor Q51 is connected to the word line WL1. The 
other electrode of the ferroelectric capacitor C51 is integrated with the plate line CP1 used as a common electrode. 
The selection transistor Q53 is serially connected between the sub-bit line SBL5 and one of the electrodes of the 

45 ferroelectric capacitor C53. The gate of the selection transistor Q53 is connected to the word line WL3. The other 
electrode of the ferroelectric capacitor C53 is integrated with the plate line CP3 used as a common electrode. The 
selection transistor QREF5 is serially connected between the sub-bit line SBL5 and one of the electrodes of the fer- 
roelectric capacitor CREF5. The gate of the selection transistor QREF5 is connected to the word line WLB. The other 
electrode of the ferroelectric capacitor CREF5 is integrated with the plate line CPB used as a common electrode. 

so [0085] The gate, source and drain of the write transistor QW5 are connected to the write transistor control line RE, 
an end of the reset line RST5, and an end of the sub-bit line SBL5, respectively. The gate, source and drain of the 
read transistor QR5 are connected to the end of the sub-bit line SBL5, the end of the reset line RST5 used as a source 
line, and an end of the bit line BL5, respectively. 

[0086] The other ends of the bit lines BLO and BL1 are connected to a sense amplifier SAO, to which data bus lines 
55 DLO and XDLO are connected. The other ends of the bit lines BL2 and BL3 are connected to a sense amplifier SA1 , 
to which data bus lines DL1 and XDL1 are connected. The other ends of the bit lines BL4 and BL5 are connected to 
a sense amplifier SA2, to which data bus lines DL2 and XDL2 are connected. 

[0087] A sense amplifier activation control line SAP is connected to the sense amplifiers SAO, SA1 and SA2. A 
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cross-coupled inverter is used for the sense amplifiers SAO, SA1 and SA2. 

[0088] The other ends of the sub-bit lines SBL1 and SBL2 are connected to the drain/source of a sub-bit line coupling 
transistor QS12 serving as a switch for coupling the sub-bit lines. The gate of the sub-bit line coupling transistor QS12 
is connected to a sub-bit line coupling control line CSB. Likewise, the other ends of the sub-bit lines SBL3 and SBL4 

5 are connected to the drain/source of a sub-bit line coupling transistor QS34 serving as a switch for coupling the sub- 
bit lines. The gate of the sub-bit line coupling transistor QS34 is connected to a sub-bit line coupling control line CSA. 
Therefore, the ends of the sub-bit lines SBL3 and SBL4 are connected to or disconnected from each other with the 
switching of the sub-bit coupling transistor. The other ends of the sub-bit lines SBLO and SBL5 are also coupled with 
respective corresponding sub-bit lines in the same manner. 

10 [0089] A feature of Embodiment 1 is that the plate lines CPO, CP2 3 CPA and CPB, for example, extend in the word 
line direction. By adopting this layout, the block selection transistors Q4 and XQ4, required for the conventional sem- 
iconductor memory device permitting non-corruption read shown in FIG. 10, are no more required, and this can reduce 
the area of the memory cell blocks. 

15 (Data-write operation) 

[0090] Hereinafter, the operation of writing data in the semiconductor memory device of Embodiment 1 will be de- 
scribed. In the following description, assume that data is to be written in the ferroelectric capacitor C21 of the third 
memory cell block MC2, as an example. 

20 [0091] During the data write, the potential of the write transistor control line RE is set at a boosted level voltage (VPP) 
boosted from the power supply voltage VDD, and thus the write transistor QW2 is in the ON state. 
[0092] First, as shown in the waveform chart of voltages applied to the relevant lines in FIG. 2, a pulse of the boosted 
level voltage VPP is applied to the selected word line WL1 to turn on the selection transistor Q21, and in this state, 
the reset line RST2 is set at a low level. When data "1" is to be written, a write pulse of the VDD level is applied to the 

25 plate line CP1. By this application, the ferroelectric film of the ferroelectric capacitor C21 has upward polarization. 
When data "0" is to be written, a write pulse of the VDD level is applied to the plate line CP1, and then a write pulse 
of a VDD/2 level is applied to the reset line RST2. By this application, the ferroelectric film of the ferroelectric capacitor 
C21 has downward polarization. 

[0093] In the write operation, the absolute of the voltage applied between the electrodes of the ferroelectric capacitor 
30 C21 is. VDD for data "1" and VDD/2 for data "0". Therefore, the ferroelectric capacitor C21 is in an upward saturated 
polarization state for data "1" and in a downward unsaturated polarization state for data "0". 

[0094] FIG. 3 shows the polarization state of the ferroelectric film during the write operation, in which the potential 
of the lower electrode integrated with the plate line CP1 is considered positive in the voltage axis (x-axis). Curve a 
represents the polarization values obtained when the voltage is applied in the range of -VDD to +VDD, which forms a 
35 saturated hysteresis loop. Curve b represents the polarization values obtained when the voltage is applied in the range 
of -VDD/2 to +VDD, which forms a loop saturated on the positive side but unsaturated on the negative side. Among 
two points A and B at which curve b as the hysteresis loop intersects with the polarization axis : point A represents the 
polarization value obtained when data "0" is written and point B represents the polarization value obtained when data 
"1" is written. 

40 [0095] In Embodiment 1 , the absolute of the voltage applied to the ferroelectric capacitor is made to differ between 
when data "0" is written and when data "1 " is written, because it has been found from an experiment performed by the 
present inventors that this setting improves the reliability of the semiconductor memory device. This will be demon- 
strated as follows with reference to FIG. 4. 

T0096] FIG. 4 is a plot of the number of times of rewrite (y-axis) by which the polarization value is halved due to 
45 fatigue degradation when data "1 " and data "0" are alternately rewritten in a ferroelectric capacitor, with respect to the 
reciprocal of the maximum applied voltage (x-axis). In FIG. 4, straight line c represents the case that the absolutes of 
the positive and negative rewrite voltages were made the same, and straight line d represents the case that the absolute 
of the negative rewrite voltage was made a half of that of the positive rewrite voltage. From FIG. 4, it is found that the 
number of times of rewrite allowed increases when the absolute of the negative rewrite voltage is made smaller than 
50 that of the positive rewrite voltage. 

[0097] The present inventors also performed an experiment as follows. Data rewrite operation was performed 10 
billion times for a semiconductor memory device having the circuit configuration shown in FIG. 1 . The semiconductor 
memory device was then placed in an environment of 100°C, and under this condition, data read operation to be 
described later was performed. FIG. 5 shows changes of the lower limit of the read voltage (VRD) with which data can 
55 be read (y-axis) with respect to the time for which the device was placed in an environment of 100°C (x-axis). In FIG. 
5, straight line e represents the case that the absolutes of the positive and negative rewrite voltages were the same, 
and straight line f represents the case that the absolute of the negative rewrite voltage was made a half of that of the 
positive rewrite voltage. 
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[0098] From FIG. 5, it is found that when the absolute ot the negative rewrite voltage is smaller than that of the 
positive rewrite voltage, the change ot the lower limit of the read voltage after the holding of the device in a high- 
temperature environment is small, that is, stable operation is attained with the read operation range being maintained. 
[0099] From the experiment results shown in FIGS. 4 and 5, it is found that the reliability of the semiconductor memory 
5 device improves by adopting the asymmetric drive method in which the absolute of the voltage applied when data "0" 
is written is made smaller than the absolute of the voltage applied when data "1" is written. 

(Data read operation) 

10 [0100] Hereinatter, the operation of reading data from the semiconductor memory device of Embodiment 1 will be 
described. In the following description, assume that data stored in the ferroelectric capacitor C21 of the third memory 
cell block MC2 is to be read, as an example. 

[0101] First, data "0", for example, is written in the ferroelectric capacitors CREF0, CREF2 and CREF4 of the refer 
ence data storage memory cells of the first, third and fifth memory cell blocks MC0, MC2 and MC4 3 and data "1", for 
15 example, is written in the ferroelectric capacitors CREF1 , CREF3 and CREF5 of the reference data storage memory 
cells ol the second, fourth and sixth memory cell blocks MCI, MC3 and MC5, in the manner described above with 
reference to the data write operation. 

[0102] Thereafter, as shown in the waveform chart of voltages applied to the relevant lines in FIG. 6, a pulse of the 
boosted level voltage VPP is applied to the selected word line WL1 to turn on the selection transistor Q21 . Also, a low 

20 signal is applied to the sub-bit line coupling control signal CSB, a high signal is applied to the sub-bit line coupling 
control signal CSA. a high signal is applied to the word line WLA, and a low signal is applied to the word line WLB. 
[0103] By the operation described above, the read transistor QR2 is connected to the ferroelectric capacitor C21 
storing datn. Also, the read transistors QR3 and QR4 are connected to the ferroelectric capacitors CREF3 and CREF4 
storing reference data. In other words, among the memory cells storing reference data, the ferroelectric capacitor 

25 CREF3 storing data "1" and the ferroelectric capacitor CREF4 storing data "0" are connected with the two read tran- 
sistors OR3 and QR4 serving as a load. 

[01O4] In the stale described above, with the write transistor control line RE being in the high level, the sub-bit line, 
one electrode of the ferroelectric capacitor and the gate of the read transistor are connected to the reset line. These 
nodes are therefore reset to the potential of the reset line. After the reset operation, the write transistor control line RE 

30 is turned to a tow level, to turn off the write transistor. 

[0105] As described above, in Embodiment 1, the selection transistor Q21 of the data read memory cell is turned 
on. to connect one of the paired electrodes of the ferroelectric capacitor C21 of the data read memory cell to the sub- 
bit line SBL2. in addition, the write transistor QW2 is turned on, to connect an end of the sub-bit line SBL2 to the reset 
line RST2. In this state, a reset voltage is applied to the reset line RST2, and then the write transistor QW2 is turned 

35 off. to disconnect the end of the sub-bit line SBL2 from the reset line RST2. In this state, a read voltage is applied to 
the other electrode of the ferroelectric capacitor C21 of the data read memory cell, to read the data. That is to say, 
since a read voltage is applied after the potential of the sub-bit line SBL2 to which the data read memory cell is con- 
nected has been reset, stable read operation is possible. 

[0106] Thereafter, a pulse of the read voltage VRD is applied to the cell plate line CP1 and CPA. By this application 
40 of the read voltage VRD to the cell plate line CP1 , the potential of the sub-bit line SBL2 becomes a value determined 
by capacitance splitting between the capacitance value of the ferroelectric capacitor C21 and the line capacitance 
value of the sub-bit line SBL2. 

[0107] It is defined that the line capacitance (CSB) of the sub-bit line includes the gate capacitance of the read 
transistor, the source capacitance of the connected selection transistor, the inter-connect capacitance and the like. 
45 [0108] Polarization corresponding to data "0" or data "1" has been written in the ferroelectric capacitor C21. When 
the capacitance value of the ferroelectric capacitor C21 corresponding to the polarization value for data "1 " is CF1 and 
the capacitance value thereof corresponding to the polarization value for data "0" is CF0, the potentials VSB1 and 
VSB0 of the sub-bit line SBL2 obtained when data "1" and data "O", respectively, have been written are represented 
by expressions (1) and (2) below. 

50 

VSB1 = CF1 X VRD / (CF1 + CSB) (1) 



55 



VSB0 = CF0 x VRD/(CF0 + CSB) (2) 
[0109] Since CF1 < CF0, VSB1 < VSB0. 

[0110] Likewise, by the pulse application to the cell plate line CPA, the potential of the sub-bit lines SBL3 and SBL4 
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is a value determined by capacitance splitting between the sum of the capacitance values of the ferroelectric capacitors 
CREF3 and CREF4 and the sum of the line capacitance values of the sub-bit lines SBL3 and SBL4. 
[01 11 ] The capacitance value of the ferroelectric capacitor CREF3 storing reference data " 1 " is CF1 , and the capac- 
itance value of the ferroelectric capacitor CREF4 storing reference data "0" is CFO. Therefore, the potential VSBR of 
5 the sub-bit lines SBL3 and SBL4 is represented by expression (3) below. 

VSBR = (CF1 + CFO) X VRD/(CF1 + CFO + 2-CSB) (3) 

10 [0112] Since CF1 < CFO, VSB1 < VSBR < VSBO. 

[0113] In response to the generation of the potentials of the sub-bit lineSBL2 and the sub-bit lines SBL3 and SBL4, 
the read transistor QR2 and the read transistors QR3 and QR4 change from the OFF state to a conduction state of a 
level according to the potential of the sub-bit line. If the bit lines have been precharged to a high level, the potentials 
VBL2 and VBL3 of the bit lines BL2 and BL3 gradually decrease via the read transistors QR2 and QR3 in the conduction 

15 state. 

[0114] When the data stored in the ferroelectric capacitor C21 is T, VSB1 < VSBR. In this case, the conductance 
of the read transistor QR2 is smaller than that of the read transistor QR3, and thus VBL2 > VBL3. When the data stored 
in the ferroelectric capacitor C21 is "0", VSBR < VSBO. In this case, the conductance of the read transistor QR2 is 
grealer than that of the read transistor QR3, and thus VBL2 < VBL3. At this stage, the potential difference between 

20 VBL2 and VBL3 is minute. 

[01 1 5] To amplify the minute potential difference, a pulse is applied to the sense amplifier activation control line SAP. 
With the pulse from the sense amplifier activation control line SAP, the sense amplifier SA1 amplifies the minute po- 
tential difference between the bit line BL2 and the bit line BL3. More specifically, when the data stored in the ferroelectric 
capacitor C21 is "1", the sense amplifier SA1 raises the potential VBL2 while lowering the potential VBL3. When the 

25 data stored in the ferroelectric capacitor C21 is "0", the sense amplifier SA1 lowers the potential VBL2 while raising 
the potential VBL3. 

[0116] Once the sense amplifier SA1 completes the amplification of the bit line potentials, the cell plate lines CP1 
and CPA are turned off. This cuts off a through current flowing through the sense amplifier -> bit line -» read transistor 
reset line, and thus saves power consumption. 
30 [0117] Thereafter, the logic levels of the bit lines BL2 and BL3 are output to the data buses DL1 and XDL1. The 
read data from the ferroelectric capacitor C21 is determined as "1 " when the potential of the data bus DL1 is in a high 
levekand the potential of the data bus XDL1 is in a low level, and "0" when these potentials are in the opposite logic 
levels. 

[0118] Subsequently, the sense amplifier activation control line SAP is turned off, the bit lines are charged to a high 
35 level, and the write transistor control line RE is turned to a high level to thereby connect the sub-bit line, the ferroelectric 
capacitor and the gate of the read transistor to the reset line. In this wa^, these nodes are reset to the reset potential. 
[0119] By resetting as described above, the potential of the sub-bit line SBL2 to which the data read memory cell is 
connected can be reset after the data read from the data read memory cell. Thin prevents an occurrence that data may 
be destroyed due to an unwanted voltage remaining in the storage node, and thus stable data retention is ensured. 
40 [0120] Thereafter, the word lines WL1 and WLA and the sub-bit line coupling control line CSA are turned off, to 
thereby complete the read operation. 

[0121] In the read operation described above, by appropriately setting the read voltage VRD to be applied to the cell 
plate line, the polarization can be suppressed from changing between before and after the read operation, and thus 
non-corruption read operation is attained. 

45 [0122] Hereinafter, the set range of the read voltage VRD determined based on the results of an experiment per- 
formed using a prototype semiconductor memory device fabricated by the present inventors will be described. 
[0123] The details of the prototype semiconductor memory device used for the experiment are as follows. The area 
of each ferroelectric capacitor is 9 pm 2 , and the thickness thereof is 200 nm. The ferroelectric film is made of strontium 
bismuth tantalite. For the selection transistors and the write transistors, the gate width is 2 ujti, the gate length is 0.6 

50 ujti, and the thickness of the gate insulation film is 13.5 nm. For the read transistors, the gate width is 1 0.35 jj.m, the 
gate length is 1 .6 um, and the thickness of the gate insulation film is 1 3.5 nm. The number of memory cells connected 
to each sub-bit line is 1 6, which is larger than that in the exemplary circuit configuration shown in FIG. 1 . 
[01 24] For the prototype semiconductor memory device, the range of the read voltage VRD allowing non-corruption 
data read was from 2.2 V to 3.7 V at room temperature. If the read voltage VRD is below this range, the sense amplifier 

55 fails to amplify the min ute voltage difference of the bit lines. If the read voltage VRD exceeds this range, the polarization 
changes between before and after the read operation. Therefore, the non-corruption read operation was not allowed 
with a read voltage VRD falling outside the above range. 

[0125] Using the prototype semiconductor memory device, the read operation was performed a plurality of times 
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continuously with the read voltage VRD set in the range of 2.2 V to 3.7 V, to examine a change of the range ot the read 
voltage VRD allowing non-corruption data read tor 64 Kbits. 

[0126] FIG. 7 shows the results of the above experiment, in which p and q respectively represent the averages of 
the lower limit and the upper limit of the read voltage VRD allowing data read, and r and s represent the worst values 
of the lower limit and the upper limit of the read voltage VRD allowing data read. 

[0127] The conventional semiconductor memory device shown in FIG. 10 had the problem that the range of the 
operating voltage was narrowed after 1 0 billion times of read operation as described above. According to the prototype 
semiconductor memory device of the present invention, however, it was confirmed that the operation range was stable 
after 1 0 billion times of read operation. 

[01 28] In Embodiment 1 , described was the drive method in which the direction of the polarization will not be changed 
between before and after the read operation. Alternatively, a greater read voltage may be applied to the cell plate line 
during the read operation, and the direction of the polarization changed by this application may be changed back to 
the original by data rewrite. In this case, although the number of times of read is limited to 10 billion times, the effect 
of reducing the cell area by adopting the 1T1C structure is attained. 

Embodiment 2 

[0129] A semiconductor memory device of Embodiment 2 of the present invention will be described with reference 
to FIG. 8. 

[0130] In Embodiment 2, only part of the configuration different from that of Embodiment 1 described with reference 
to FIG. 1 will be described. The same components as those in Embodiment 1 are denoted by the same reference 
numerals, and the description thereof is omitted here. 

[0131] Referring to FIG. 8, in Embodiment 2, every two adjacent memory cell blocks share one reset line. To state 
specifically, a common reset line RST0 is placed between the first memory cell block MC0 and the second memory 
cell block MC1 , a common reset line RST2 is placed between the third memory cell block MC2 and the fourth memory 
cell block MC3, and a common reset line RST4 is placed between the fifth memory cell block MC4 and the sixth memory 
cell block MC5. 

[01 32] The waveforms of the voltages applied to the relevant lines during the write operation are the same as those 
shown in FIG. 2, and the waveforms of the voltages applied to the relevant lines during the read operation are the 
same as those shown in FIG. 6. 

[0133] In Embodiment 2, because of the sharing of the reset line by two adjacent memory cells, the area of the 
memory cell blocks can be further decreased. 

[0134] While the present invention has been described in preferred embodiments, it will be apparent to those skilled 
in the art that the disclosed invention may be modified in numerous ways and may assume many embodiments other 
than that specifically set out and described above. Accordingly, it is intended by the appended claims to cover all 
modifications of the invention which fall within the true spirit and scope of the invention. 

Claims 

1. A semiconductor memory device comprising at least three memory cell blocks arranged in a word line direction, 
each of the at least three memory cell blocks comprising a plurality of memory cells arranged in a bit line direction, 
each of the plurality of memory cells comprising a ferroelectric capacitor for storing data by displacement of po- 
larization of a ferroelectric film and a selection transistor connected to one of paired electrodes of the ferroelectric 
capacitor, 

wherein each of the at least three memory cell blocks comprises: 
a bit line, a sub-bit line and a source line extending in the bit line direction; and 

a read transistor having a gate connected to one end of the sub-bit line, a source connected to the source 
line, and a drain connected to one end of the bit line, 

the read transistor reads data by detecting the displacement of the polarization of the ferroelectric film of the 
ferroelectric capacitor of a data read memory cell from which data is read among the plurality of memory cells, 
and 

the sub-bit lines of two memory cell blocks among the at least three memory cell blocks are connected to each 
other via a sub-bit line coupling switch. 

2. The device of Claim 1 . wherein each of the at least three memory cell blocks comprises a reset line extending in 
the bit line direction, and 
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the sub-bit line is connected to the reset line via a reset switch. 
The device of Claim 2, wherein the reset line and the source line are the same line. 

The device of Claim 2, wherein two memory cell blocks adjacent in the word line direction among the at least three 
memory cell blocks share the reset line. 

The device of Claim 1, wherein the other electrodes of the paired electrodes of the ferroelectric capacitors of 
memory cells arranged in the word line direction among the plurality of memory cells belonging to the at least three 
memory cell blocks constitute a common electrode extending in the word line direction. 

A drive method for the semiconductor memory device of Claim 1 , comprising the steps of: 

writing reference data "1" in one of two memory cells adjacent to each other in the word line direction, while 
writing reference data "0" in the other memory cell of the two memory cells, the two memory cells belonging 
to two memory cell blocks of which the sub-bit lines are connected to each other via the sub-bit line coupling 
switch among the at least three memory cell blocks; 

determining a reference voltage from a voltage between the paired electrodes of the ferroelectric capacitor of 
the memory cell in which the reference data "1 " has been writlen and a voltage between the paired electrodes 
of the ferroelectric capacitor of the memory cell in which the reference data "0" has been written; and 
reading the data stored in the ferroelectric capacitor of the data read memory cell among the plurality of memory 
cells belonging to a memory cell block different from the two memory cell blocks among the at least three 
memory cell blocks by comparing a voltage between the paired electrodes of the ferroelectric capacitor of the 
data read memory cell with the reference voltage. 

The drive method of Claim 6, wherein each of the at leastthree memory cell blocks comprises a reset line extending 
in the bit line direction, and the sub-bit line is connected to the reset line via a reset switch, 
the step of reading the data comprises the steps of: 

connecting one of the paired electrodes of the ferroelectric capacitor of the data read memory cell to the sub- 
bit line by turning on the selection transistor of the data read memory cell, connecting the sub-bit line to the 
reset line by turning on the reset switch, and in this state, applying a reset voltage to the reset line; 
disconnecting the sub-bit line from the reset line by turning off the reset switch; and 

reading the data by applying a read voltage to the other electrode of the ferroelectric capacitor of the data 
read memory cell in the state that the sub-bit line is disconnected from the reset line. 

The drive method of Claim 6, wherein each of the at least three memory cell blocks comprises a reset line extending 
in the bit line direction, and the sub-bit line is connected to the reset line via a reset switch, 
the drive method further comprises, after the step of reading the data, the steps of: 

connecting one of the paired electrodes of the ferroelectric capacitor of the data read memory cell to the sub- 
bit line by turning on the selection transistor of the data read memory cell, connecting the sub-bit line to the 
reset line by turning on the reset switch, and in this state, applying a reset voltage to the reset line; and 
disconnecting the sub-bit line from the reset line by turning off the reset switch. 

The drive method of Claim 6, wherein the step of reading the data comprises the steps of: 

reading the data by applying a read voltage to the other electrode of the ferroelectric capacitor of the data 
read memory cell; and 

removing the read voltage applied to the other electrode of the ferroelectric capacitor of the data read memory 
cell, 

wherein the read voltage is set at a level of value with which the displacement of the polarization of the 
ferroelectric film of the ferroelectric capacitor of the data read memory cell resumes the original displacement 
before the data read when the read voltage is removed. 

The drive method of Claim 9, wherein the read voltage is set at a level of value greater than a detection limit of a 
comparator comparing the voltage between the paired electrodes of the ferroelectric capacitor of the data read 
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memory ceil with the reference voltage and smaller than a resistive electric field between the paired electrodes of 
the ferroelectric capacitor of the data read memory cell. 

1 . The drive method of Claim 6, wherein each of the at least three memory cell blocks comprises a reset line extending 
in the bit line direction, and the sub-bit line is connected to the reset line via a reset switch, 

the drive method further comprises the step of: 

writing data in the ferroelectric capacitor of a data write memory cell among the plurality of memory cells 
belonging to the at least three memory cell blocks, 
the step of writing data comprises the step of: 

connecting one of the paired electrodes of the ferroelectric capacitor of the data write memory cell to the 
sub-bit line by turning on the selection transistor of the data write memory cell, connecting the sub-bit line 
to the reset line by turning on the reset switch, and in this state, applying a write voltage corresponding 
to binary data between the other electrode ot the ferroelectric capacitor of the data write memory cell and 
the reset line. 

2. The drive method of Claim 1 1 , wherein the absolute ot the write voltage when the binary data is data "0" is different 
from the absolute of the write voltage when the binary data is data "1". 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 7 
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